We study by numerical simulations on a lattice the behaviour of the gauge-invariant twopoint correlation functions of the gauge field strengths across the deconfinement phase transition, both for the pure-gauge SU(3) theory and for full QCD with two flavours. Quenched data agree within errors with previous determinations, but have much higher statistics.
Introduction
Gauge-invariant correlation functions of the field strenghts in the QCD vacuum play an important role in high-energy phenomenology and in stochastic models of QCD, both at zero temperature [1, 2, 3] and non-zero temperature [4, 5, 6] . Some years ago, a determination of such correlators at finite temperature was done on a 16 3 × 4 lattice, for the pure-gauge SU(3) theory, in a range of distances from 0.4 to 1 fm approximately [7, 8] . The technique used to make the computation feasible is a local cooling of the configurations: this procedure freezes local fluctuations, leaving long-range correlations unchanged. In this paper, prompted by the progresses of the stochastic-vacuum approach to QCD [9] , we improve the determination of the correlators at finite T ∼ T c for pure gauge SU(3), by use of a larger lattice (32 3 × 6) and bigger statistics. We also compute the correlators at T ∼ T c in full QCD with 2 staggered dynamical quarks.
Notation
To simulate the system at finite temperature, a lattice is used of spatial extent N σ ≫ N τ , N τ being the temporal extent, with periodic boundary conditions for gluons, and antiperiodic boundary conditions for fermions in the temporal direction. The temperature T corresponding to a given value of β = 6/g 2 is given by
where a is the lattice spacing. In the quenched case a only depends on the coupling β and, from renormalization group arguments,
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where Λ L is the fundamental constant of QCD in the lattice regularization scheme: its value, extracted from the string tension [10, 11] , is about 4.9 MeV. At large enough β, f (β) is given by the usual two-loop expression:
for gauge group SU(3) and in the absence of quarks. The expression (2.3) can also be used in a small enough interval of β's lower than the asymptotic scaling region, and then Λ L is an effective scale depending on the position of the interval considered.
The gauge-invariant two-point correlators of the field strengths in the QCD vacuum are defined as [1, 2, 3] 
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where G µρ = T a G a µρ is the field-strength tensor, T a are the generators of the algebra of the gauge group in the fundamental representation, and
is the Schwinger parallel transport from 0 to x along a straight-line path; A µ ≡ T a A a µ . At zero temperature, that is on a symmetric lattice N σ = N τ , the correlators are expressed in terms of two independent invariant functions of x 2 , known as D(x 2 ) and D 1 (x 2 ) [1, 2, 3]:
At finite temperature (N σ ≪ N τ ) the O(4) space-time symmetry is broken down to the spatial O(3) symmetry and the bilocal correlators are now expressed in terms of five independent functions [4, 5, 6] ; two of them are needed to describe the electric-electric correlations:
where E i = G i4 is the electric field operator and
Two further functions are needed for the magnetic-magnetic correlations:
where B k = 1 2 ε ijk G ij is the magnetic field operator. Finally, one more function is necessary to describe the mixed electric-magnetic correlations:
In Eqs. (2.7), (2.8) and (2.9), the five quantities
are all functions of u 2 , due to rotational invariance, and of u 2 4 , due to time-reversal invariance. From the conclusions of Refs. [4, 5, 6] , one expects that D E is related to the (temporal) string tension and should have a drop just above the deconfinement critical temperature T c . In other words, D E is expected to be a kind of order parameter for confinement; on the contrary, D E 1 does not contribute to the area law of the temporal Wilson loop. Similarly, D B is related to the spatial string tension [4, 5] , while D B 1 does not contribute to the area law of the spatial Wilson loop.
The above arguments hold both for the quenched and the unquenched theory, with a suitable modification of Eq. (2.2) and (2.3). In particular for the full QCD case, in order to fix the scale, we have used the lattice spacing as determined in [12] .
Results
We have determined the following four quantities We have chosen a 32 3 × 6 lattice (so that, in our notation, N τ = 6) for the quenched case. The critical temperature T c for such a lattice corresponds to β c ≃ 5.89 [13] . For full QCD we have used 2 species of staggered fermions with bare mass a · m = 0.0125 and a 32 3 × 8 lattice, for which T c corresponds to a coupling β c ≃ 5.54 [14] . The standard "R-version" of the HMC algorithm [15] has been used in the full QCD case. In Figs. 5-8 we present the analogous data for the case with dynamical fermions. In full QCD previous results at T = 0 have been reported only for the case of 4 flavours [16] . Therefore, in order to compare with T = 0, we have performed a simulation at β = 5.55 on a 16 4 lattice: the results are reported in the same figures. Also in this case it is apparent that D E and D E ⊥ stay almost constant at their zero temperature value until the phase transition, where they undergo a sharp drop. Instead no dramatic change is visible for the magnetic correlators.
The eight tables with the values of the various correlators together with the errors are not included, but can be provided, on request, to the interested readers.
Our results can be summarized as follows: 
between the two quantities reported in Figs. 2 and 1 respectively (Figs. 6 and 5 for the full QCD case), one finds that the quantity D E 1 does not show any drop across the phase transition at T c . So the clear drop seen in the quantities D E and D E ⊥ across T c is entirely due to D E alone. This result confirms the conclusion of Refs. [4, 5, 6] , where D E was related to the (temporal) string tension σ E . Similarly, one can look at the difference
between the quantities reported in Figs. 4 and 3 respectively (Figs. 8 and 7 for the full QCD case). One thus finds that D B 1 does not show any drop across the transition and, in addition, it is nearly equal to
. From the fact that the quantities D B and D B ⊥ stay almost unchanged (or even show a slight increase) across T c , we conclude that the same must be true also for D B . It was shown in Refs. [4, 5] that D B is related to the spatial string tension σ s . Existing lattice results [17, 18, 13] indicate that σ s is almost constant around T c and increases for T ≥ 2T c : this fact is in good agreement with the behaviour that we find for D B . 
